An analytical investigation is conducted to study the effect of magnetic field on convection heat transfer through packed porous beds which consists of a horizontal fluid layer (river bed) and a porous zone with anisotropic permeability and underlined by a surface heated by a constant temperature T 1 . The free surface of the fluid layer overlying the horizontal porous layer receives solar rays to length of day and is then considered heated isothermally at temperature T 2 such as T 1 < T 2 . Flow in porous medium is assumed to be governed by the generalized Brinkman-extended Darcy law and in the fluid layer by the Navier-Stokes model. The Beavers-Joseph condition is applied at the interface between the two layers. The influence of Hartmann number and hydrodynamic anisotropy on the convective phenomenon is investigated analytically. It is found that the magnetic field, the anisotropic permeability and the thickness of the porous lining, ε, have a strong influence of the geothermal convective flow and the heat transfer rate.
Introduction
The first study concerning the effect of a magnetic field on the natural convection heat transfer in a rectangular porous cavity seems to be due to [1] . The vertical walls of the enclosure were maintained in isothermal and isoelectrical conditions. It was demonstrated that, for large Hartmann numbers, the electromagnetic magnetic force retards considerably the convective heat transfer. The influence of the Hartmann number on the Nusselt number was investigated numerically. The stability of a conducting fluid saturating a porous layer, in the Like that, we consider the convective heat transfer through a parallel-plate horizontal system consisting of a homogeneous porous bed underlying a single-component fluid layer whose upper surface is free and isothermally heated.
A magnetic field, B , is applied perpendicularly to the long sides. The lower plate bounding the porous layer is impermeable and is maintained at a constant temperature. The porous medium is homogeneous and anisotropic in permeability whose principal axes are arbitrary oriented, as it is seen in nature and for many realistic applications. Beavers and Joseph boundary condition model is applied at the permeable bounding interface between the two layers [5] . On the basis of the generalized Brinkman-extended Darcy model, of Navier-Stokes equations and of energy equation which takes into account the viscous dissipation, the effects of magnetic field, of anisotropic parameters of the porous matrix and of the influence of the depth ratio on velocity and temperature fields and heat transfer rate are investigated in detail.
Mathematical Formulation and Resolution
The physical model illustrating the problem under different considerations is shown in Figure 1 . The system of height, h, consists of a horizontal parallel-plate porous channel of thickness, h m , underlying a fluid layer whose upper plate (free surface) is permeable and exposed to a constant temperature T 2 . The lower impermeable plate lining the non-erodible porous layer is maintained at a constant temperature T 1 < T 2 .
The axial and transverse coordinates are respectively x' and y', the latter being measured vertically upwards from the lower impermeable wall. The porous medium is anisotropic in flow permeability, the permeabilities along the two principal axes of the porous matrix are denoted by K 1 and K 2 . The anisotropy of the porous layer is characterized by the permeability ratio Figure 1 . Physical model and coordinate system. porous layer (called the nominal surface) and Zone 2 (porous layer) from the nominal surface to the impermeable lower plate.
The porous bed is saturated with an incompressible viscous fluid that is in local thermodynamic equilibrium with the solid matrix.
The equations governing the conservation of mass, momentum, energy and electric charge transfer [4] [6] [7] can be written in each Zone as follows Zone 1 (fluid layer): Equation governing the conservation of mass 0,
Equation governing the conservation of momentum (Navier-Stokes model with the presence of magnetic and gravitational fields).
Equation governing the conservation of energy
Equation governing the conservation of electric
Zone 2 (porous layer):
Equation governing the conservation of mass 0,
Equation governing the conservation of momentum (Brinkman-extended
Darcy law with the presence of magnetic and gravitational fields).
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In these equations, V , denotes the velocity vector, p' the pressure and T' the temperature of the fluid, g the gravitational acceleration, t' the time, and Equation (3), j is the electric current density, σ the electrical conductivity of the fluid, ∅ the electric potential and − ∅ ∇ the associated electric field. As discussed by [8] , for a two dimensional situation Equation (4) and (8) . In Equation (6) 
Assuming that when the flow is fully developed in the system, the axial (x'-direction) velocity depends on the transverse coordinate y' (i.e., found to be a function of x' and y' in Zone 2 [9] ). So, governing Equations (1)- (8) may be reduced as Zone 1 (fluid layer):
Zone 2 (porous layer): 
where B u is the slip velocity at the nominal surface (interface) which changes to the constant Darcy velocity through the porous, the existence of the temperature slip layer whose thickness given by Beavers and Joseph is of order
Indeed, this thickness subsequently has been shown to be equal to
[11]. According to these authors, the parameter 1 β (and 2 β ) denotes a constant depending on the material property of the porous medium, which have can be determined only experimentally. The slip temperature B T at the nominal surface changes to the constant ambient temperature 0 T through the porous layer whose thickness considered to be the same as that of the velocity slip layer 
the governing Equations (10)- (13) corresponding to the fluid layer may be written in non-dimensional form as
and the governing Equations (14)- (17) corresponding to the anisotropic porous layer may be written in non-dimensional form as
In the above equations, 
where B u is the velocity profile at the interface that must be determined by making use of the condition (32) in which we have to know first the velocity m u for the porous layer. It is seen that f T depends on B T that has to be calculated from the boundary condition (33) for which the temperature profile m T (in Zone 2) should be expressed. Now, the velocity and temperature profiles m u and m T for the porous layer will be determined. Eliminating the pressure from Equation (27) and (37) in the usual way, one may have 
By substituting Equation (40) into Equation (28) and using the thermal boundary conditions (32) and (33), the temperature profile for the porous medium is obtained as ( 
Similarly, after development and reduction of algebraic terms, the characteristic temperature distribution B T at the interface is calculated by 2  2  2  0  3  1   2  2  2  2  2  1  1  2  3  2  2   2  2 2  2 2  2  1  2  5  5  2 
The heat transfer rates through the upper free surface and the lower wall bounding the porous layer underlining the fluid zone are expressed by the Nusselt numbers given in dimensionless terms respectively by it is seen that, as the porous layer becomes more and more important, the anisotropic effects of the porous medium become more significant (please refer [4] ).
It is also noticed that each curve for a given value of K * is distinguishable from 
The Mean Heat Transfer Rate, Numoy
The variations of Nusselt number with the Hartmann number and the anisotropic ratio is shown in Figure 5 as a function of the thickness ratio, ε, when Da , ε = 0.25 and Q = 5 and various values of the Hartmann number and of φ. It is noticed that the average Nusselt number have the same behavior as described previously in Figure 7 and is found to be maximum when φ = 90˚ and minimum when φ = 0˚.
Conclusion
In this paper we have examined the effect of magnetic field on convection heat transfer through packed porous beds which consists of a horizontal fluid layer (river bed) and a porous zone with anisotropic permeability. The results obtained show that, the application of a magnetic field on the natural convection in the y-direction has some important changes on the structure of the convective flow and on convection heat transfer. It generates a reduction in the heat transfer and reduces considerably the velocity and temperature distribution. We have also examined the effect of anisotropic permeability ratio and anisotropic angle Journal of Crystallization Process and Technology on the velocity profile, u B , at the interface and on the average Nusselt number. The heat transfer, for a given value of the Hartmann number and for φ = 0˚, is found to be maximum (minimum) when the permeability in the y-direction (x-direction) is bigger than the permeability in the x-direction (y-direction) and for a given value of the anisotropic permeability ratio (K * = 0.5), the average
